Reports on the long-term prognosis of patients with transient ischemic attacks and normal angiograms have revealed variable results, some suggesting a good prognosis while others report an outcome no different from that of patients with transient ischemic attacks and atherosclerotic vascular narrowing. Normal cerebral angiograms do not exclude disease in the heart or hematologic disorders. The prognosis for patients with transient ischemic attacks, normal angiograms, and normal results of cardiac and hematologic investigations is not known. We report our experience with 43 patients (26 men and 17 women, mean age 55.6 years) with transient ischemic attacks and normal findings on all investigations (including angiography, cranial computed tomography, echocardiography, and Hotter monitoring). The patients were followed for a mean of 4.43 years. Six patients had recurrent transient ischemic attacks and six developed angina pectoris. No patient developed a stroke. In the presence of normal cerebral, cardiac, and hematologic findings, the long-term prognosis of patients with transient ischemic attacks is good. However, the development of cardiac disease during follow-up could not be predicted using the available diagnostic methods. (Stroke 1990^1:525-527) T he long-term prognosis of patients with transient ischemic attacks (TIAs) and normal angiograms is not well defined. Some studies report a good outcome, whereas others suggest a prognosis similar to that of TIA patients with atherosclerotic vascular disease.
T he long-term prognosis of patients with transient ischemic attacks (TIAs) and normal angiograms is not well defined. Some studies report a good outcome, whereas others suggest a prognosis similar to that of TIA patients with atherosclerotic vascular disease. 1 - 5 We recently reported a study of 68 TIA patients with normal cerebral angiograms, 6 which suggested that a history of cardiac disease was a significant risk factor for the development of subsequent cardiac and neurologic complications. However, other studies have suggested a low incidence of cardiac disease in TIA patients with normal cerebral angiograms. 7 With wider availability of newer technology, it is not unusual to find cerebral infarcts on cranial computed tomograms (CT scans) or abnormalities during cardiac or hematologic evaluations that may explain the transient cerebral symptoms even if the angiograms are normal. While there are several reports of TIA patients with normal angiograms, there have to date been no publications specifically reviewing the longterm follow-up of TIA patients with normal cerebral, cardiac, and hematologic findings. Therefore, we reviewed a subgroup of patients from our previously reported study 6 in whom the results of all investigations were normal and follow-up was available. Our goals were to assess the risks of recurrent TIAs and the development of new cardiac or cerebral symptoms (including stroke) during follow-up.
Subjects and Methods
Sixty-eight patients admitted to University Hospital, London, Ontario, Canada between 1980 and 1984 had a TIA and a normal angiogram. TIAs were defined as ischemic hemispheric and/or retinal symptoms resolving ^24 hours after onset, 8 and carotidterritory TTAs were defined following the guidelines of the Ad Hoc Committee of the National Institute of Neurological and Communicative Disorders and Stroke. 9 Angiograms were considered normal only if, after careful review of a four-vessel study, there was no evidence of atheroma or ulcer. The Seldinger technique was used and biplane evaluations were completed in all angiographic studies. We did not include TLA patients with normal angiograms and a history of migraine defined according to Friedman et al. correspond to the TIA symptoms. We also excluded patients with cardiac abnormalities; nine had abnormal two-dimensional echocardiograms (HewlettPackard 77020-A ultrasound imaging system, Palo Alto, California) and six had abnormal findings on Holter monitoring (two-channel Zymed recorder, CamariUo, California). Four of the 15 patients with cardiac abnormalities had already been excluded on the basis of their cranial CT investigations. Contrast or intraesophageal echocardiography was not performed in any patient. Because carotid Doppler studies were performed in only a few patients and the findings were all normal, ultrasonographic results were not analyzed. Four patients were excluded for other reasons (in three the diagnosis of TIA was changed, and one patient died of unrelated disease). Hematologic investigations included a complete blood count in all patients, and prothrombin and partial thromboplastin times were measured in 34. Further details are described elsewhere. 6 The remaining 43 patients (16 with single and 27 with multiple TIAs) with normal angiograms, CT scans, cardiac findings (41 had echocardiography and 34 Holter monitoring), and hematologic findings comprised our study population.
Follow-up was achieved by contacting all patients by telephone, and recurrent TIAs or new cardiac symptoms were verified from the records of the patient's family practitioner.
We used the x 1 t e s t t o compare the groups with single and multiple TIAs.
Results
The patients were 24-72 (mean 55.6) years old; 26 were men and 17 women. Symptoms of carotidterritory ischemia were ocular in 13 patients and cerebral in the other 30 (Table 1) , left-sided in 60%. The symptoms lasted <0.5 hour in 26 patients (60%), 0.5-1 hour in eight (19%), 1-5 hours in five (12%), and >5 hours in four (9%). The patients' risk factors for cerebrovascular disease are shown in Table 2 . No patient had hypercholesterolemia.
Thirty-four patients were treated with oral medications; 28 received acetylsalicylic acid, two anticoagulants, and one dipyridamole. Three patients were part of the Canadian-American Aspirin Ticlopidine Study, 11 and the exact medications used were not available due to the double-blind nature of that study. The remaining nine patients were not offered any treatment. Normal findings on all investigations were an important factor in not offering any medical treatment.
Follow-up lasted 3.1-6.7 (mean 4.43) years. Six patients had recurrent TIAs (three were in the cerebral distribution and the other three were recurrent amaurosis fugax). The recurrent TIAs were in distributions similar to that of the initial TLA. Duration of the initial TLA was not predictive of recurrence. No patient developed a stroke. Angina pectoris developed in six patients; two of the six also had recurrent TIAs, and two others developed myocardial infarction during follow-up.
Subsequent events during follow-up were more common in the group presenting with multiple TIAs. Of the 16 patients presenting with a single TLA, recurrence was seen in one patient and angina pectoris in another (12.5%). In contrast, eight of the 27 patients presenting with multiple TIAs (29.6%) had recurrent TIAs or developed new cardiac symptoms during follow-up. However, the difference between the groups was not significant (/=1.61, df=l,/><0.20).
Discussion
TIA is diagnosed on the basis of clinical information. According to current diagnostic criteria, focal symptoms lasting <24 hours are the only requirement to make such a diagnosis. 8 - 9 It is thus not surprising that a number of conditions such as seizures, subdural hematomas, intracerebral hematomas, and neoplasms cause transient focal symptoms that can be confused with those of a TIA. 12 -15 Furthermore, as more information becomes available it is being appreciated that TIAs are not homogeneous. 15 Patients with carotid artery disease form the largest proportion of such cases. Cardiac emboli, cardiac arrhythmias, transcardiac shunts, and lacunar infarctions are becoming increasingly recognized as conditions that can cause symptoms identical to those of large-vessel atherosclerotic disease. 16 - 17 Concomitant cardiac and carotid disease, each potentially a source of small emboli, may occur in up to 25% of TIA patients. 16 Duration of the symptoms may be an important predictor of prognosis. The longer they last, the greater the chance of cardiac morbidity or cerebral infarction. 18 Up to a third of TIA patients have a normal angiogram. 6 In these patients, the prognosis is not well defined. Some authors 3 report a good outcome while others 4 suggest a prognosis similar to that of TIA patients with atherosclerotic disease. Although several studies have looked at TIA patients with normal angiograms 1 -6 and TIA patients with normal cardiac findings, no previous study has assessed outcome in TIA patients with normal angiograms, normal cranial CT scans, normal cardiac findings, and normal results of hematologic investigations. Our study suggests that TLA patients in whom the results of all investigations are normal have a good longterm outcome. No such patient developed a stroke during a mean follow-up of 4.43 years. Patients with recurrent TIAs were not disabled by their symptoms. Six patients developed coronary artery disease, two of whom also suffered myocardial infarctions. We could not prospectively distinguish TLA patients who developed recurrent symptoms from those who did not, although there seemed to be a trend for patients presenting with multiple TIAs to have more complications. However, this difference was not significant.
We were unable to identify any risk factor that distinguished patients at risk for future cardiac disease. The prevalences of a family history of stroke, smoking, and hypertension were similar in the two groups (data not shown). Age at onset, sex, and the frequency and type of TIAs were also similar in the two groups (data not shown). In a recent report, 83 consecutive TIA patients were subjected to extensive cardiac investigations including treadmill testing and thallium-201 myocardial scintigraphy; 28% with asymptomatic cardiac disease were identified. 19 If the same methods are applied to our TIA patients with normal results on all investigations, it may be possible to identify those at risk for developing cardiac disease.
The mechanism(s) producing TIAs in patients with normal results on all investigations are not clear. Several possibilities can be entertained. Transient arrhythmias or cardiac abnormalities below the resolution of echocardiography could result in hypotension or emboli. 19 - 20 Alternatively, a small carotid ulcer may be missed by angiography 21 or a fibrin clot may originate from the aortic arch, an area not well visualized. It is unfortunate that Doppler studies were not done in most of our patients as an occasional ulcer or early atheroma may be visualized by that method when the angiogram is normal. 21 Finally, we cannot rule out the possibility that the symptoms were related to conditions such as migraine or focal seizures.
The best treatment in TIA patients with normal findings is difficult to decide. Doppler ultrasonography should also be done in such patients as it may pick up pathology missed by angiography.
